Hen oviduct chromatin was digested with DNase II and separated into two fractions. The MgCl-insoluble chromatin fraction (43 % of the total DNA) was enriched in nucleosome-like particles, which sedimented at 11 S and contained 185 base pairs of DNA. The MgCl 2 soluble chromatin fraction (5 % of the total DNA) was characterized by 5 S and 14 S peaks in sucrose gradients. Estrogen receptors in the chromatin fractions were labelled with { H} estradiol using the steroid exchange assay. The concentration of receptors in the MgCl_ soluble chromatin was 4.5 times higher than that in the MgCl-insoluble chromatin. In sucrose gradient analysis the 11 S particles displayed a negligible specific radioactivity suggesting that estrogen receptors mainly bind to extranucleosomal chromatin.
INTRODUCTION
An increasing body of evidence indicates that eukaryotic chromatin is composed, at least in part, of compact structures (nucleosomes or v-bodies) connected to one another with extended stretches of DNA (1) (2) (3) (4) (5) . DNases are thought to nick primarily the extranucleosomal stretches of DNA. This has been applied for the purification of nucleosomes (5) , which have been shown to contain 120 to 200 base pairs of DNA (4, 6, 7) an octette of histones (8) and some nonhistone proteins. The function of the nucleosomes remains to be established (see 5 ) .
The extranucleosomal DNA appears to be of variable length.
Some nucleosomes have been reported to be connected to each other with less than 20 base pairs of extended DNA (9) . By contrast, sequences of 'naked' DNA as large as 4000 base pairs in a relatively extended form have been described (5,10).
Bonner and coworkers have digested chromatin with DNase II and have obtained particles of dicrete sizes other than nucleosomes or their multimers (11) . Some of these particles have been suggested to derive from transcriptionally active chromatin.
In this study the distribution of estrogen receptors is investigated on hen oviduct chromatin. The chromatin is fractionated with DNase II and the MgCl 2 precipitation of Bonner et al. (11) is used to separate the nucleosome-rich fractions from those apparently poor in nucleosomes. Estrogen receptors are shown to be differentially distributed on chromatin as to be enriched in the fractions poor in nucleosomes.
MATERIALS AND METHODS
Preparation of chromatin fractions. Oviduct tissue was homogenized in 1 nM MgCl 2 (about 20 ml/g of oviduct) using 15 strokes of a loosely fitting Teflon-glass homogenizer. The homogenate was centrifuged at 700 g for 10 min. The pellet was homogenized in 0.1 M NaCl containing 1 mM MgCl 2 (NM, 20 ml/g starting material) as above and passed through 4 layers of cheesecloth. The filtrate was centrifuged at 700 g for 10 min. The pellet was homogenized in 0.6 M sucrose containing medium NM, passed through 4 layers of cheesecloth and centrifuged. The pellet was homogenized in 2 M sucrose containing 1 mM MgCl 2 (10 ml/g starting material) with 3 strokes; the homogenate was layered over an equal volume of 2 M sucrose containing 1 mM MgCl-and the tubes were centrifuged in a Spinco SW-25 rotor at 55000 g for 30 min. The nuclear pellet was washed three times with 0.15 M NaCl. The first wash contained 0.1 % Triton X-100.
Purified nuclei (about 1 mg of DNA) were lysed in 3 ml of 10 mM NaHSO, containing 0.2 mM EDTA, pH 6.5 and chromatin was fractionated largely as described by Bonner et al. (12) . The tubes were transferred onto a water bath at 37 , 300 units of DNase II (EC 3.1.4.6; HDAC, Worthington) were added and the incubation was continued for 15 min. 8 ml of 50 mM Tris, pH 8.0 was added and the mixture was centrifuged at 10000 g for 10 min. The 10000 g supernatant was made 3 mM with respect to MgCl, and was kept on ice for 30 min followed by centrifugation at 10000 g for 15 min to collect the MgCl 2 insoluble chromatin (12) . The pellet was once.washed with 50 mM Tris pH 8.0 containing 3 mM MgCl 2 .
T n e chromatin remaining in the 10000 g supernatant was collected at 100 000 g for 16 h and designated The chromatin fractions were prepared for polyacrylamide gel electrophoresis using RNase and proteinase K digestion followed by chloroform and isoamyl alcohol extraction (14) .
Polyacrylamide gel electrophoresis was carried out according to Loening (15) using xylene cyanol FF and bromphenol blue as molecular weight standards (16) .
RESULTS
In order to study the distribution of estrogen receptors on hen oviduct chromatin, nuclei were digested with DNase II and fractionated according to the MgCl-precipitation method of Bonner et al. (12) . However, lysed nuclei, instead of purified chromatin, were used as starting material to avoid shearing of DNA during preparation of chromatln (14) . Endogenous chromatin--bound estrogen receptors were labelled with { H} estradiol using the steroid exchange assay of Anderson et al. (13) . Two fractions were isolated (Table 1 ) . The MgCl_ soluble and insoluble chromatin fractions labelled 3 with { H} estradiol were analyzed on 5-24 % isokinetic sucrose gradients (Fig. 1 ) . The MgCl 0 insoluble chromatin was characterized by a major peak of 11 S and smaller peaks of 15 S and 18 S, respectively. The 11 S particles resemble nucleosomes or v-particles and the 15 S and 18 S peaks multimers of them described for a number of chromatins (1) (2) (3) (4) (5) . The specific radioactivity (cpm/A 260 unit) of the chromatin fraction was high in the large molecular weight region of the gradient (over 20 S) and very low in the 11 S monomer region. The low specific radioactivity of nucleosomes is demonstrated in the insert of Fig. 1A .
The MgCl-soluble chromatin displayed two major peaks at about 5 S and 14 S (Fig. IB) . The chromatin fractions were suspended in 10 mM NaHSO^ containing 1 mM EDTA pH 7.2 and layered over 5-24 S sucrose gradients. The gradients were run at 63000 g for 18 h. Approximate sedimentation coefficient are determined using bovine serum albumin (BSA) as a ŝ tandard. ( ) absorbance at 254 run, ( ) { H} estradiol radioactivity/A 2f -Q unit in gradient fractions. The insert of panel A details the relations of A 2 5 4 and specific radioactivity around the 11 S peak in an independent run. the presumed transcriptionally active liver chromatin described by Gottesfeld et al. (11) . However, the 5 S peak was smaller in the present preparation, because some small molecular weight material was removed during the 100 000 g sedimentation of the MgCl2 soluble chromatin. The specific radioactivity of the MgCl 2 soluble chromatin was high in the large molecular weight region of the gradient (over 20 S ) . However, two peaks of radioactivity could be observed at about 14 S and 20 S. The radioactivity remaining at the top of the gradient appeared to be due to free hormone because of its slow sedimentation rate and because it could be removed with activated charcoal (17) .
DNA was purified from the chromatin fractions and subjected to polyacrylamide gel electrophoresis (Fig. 2 ) . The M g C^ insoluble chromatin displayed peaks of 185 and 390 base pairs in agreement with the results of other workers (3) (4) (5) (6) (7) . The M g Cŝ oluble chromatin produced a different profile of DNA. The two major peaks corresponded to 130 and 1100 base pairs of DNA; the two minor peaks contained about 90 and 600 base pairs of DNA. The double-strandedness of the preparations was controlled by the extent of hyperchromicity exhibited on denaturation. 
